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(54) PREPARATION OF DIARYL ETHERS AND THIOETHERS 

(71) We COALITE AND CHEMICAL PRODUCTS LIMITED, a British 
Company, of Buttermilk Lane, Bolsover, near Chesterfield, Derbyshire, do hereby 
declare the invention, for which we pray that a patent may be granted to us, and the 
method by which it is to be performed, to be particularly described in and by the 
5 following statement: — y 

The invention relates to a process for the preparation of diaryi ethers and thio- 
ethers or sulphides. 

It is common practice to form diaryi ethers by reacting at elevated temperature 
a potassium phenoxide with a nucleophilically activated aryl halide, the reaction being 
earned out dry or m the presence of an excess of the phenol and copper or a copper 
compound. The reaction temperature is somewhat high and side reactions occur with 
tne production of a dark, discoloured product. Further, it is difficult to separate 
the potassium halide from the reaction product. 

a * F*S nt J' 016 ' 648 claims 2,4,6-ttichloro-4'-nitrodiphenyl ether and 2-methyl- 
4,6-dicnloro-4 -nitrophenyl ether and a method for their preparation by reacting 
p-nitrochlorobenzene with an alkali metal 2,4,6-trichlorophenate or an alkali metal 
2-methyl-4 3 6-dichIorophenate. In the Examples in that Patent, the phenate is either 
produced from the phenol and potassium hydroxide and is thus used in the reaction as 
the potassium salt or is produced from a mixture of sodium and potassium hydroxides 
and is thus used in the reaction as a mixture of the sodium and potassium salts. In 
two of the three Examples which are given, the reaction is carried out at 200°C for 
20 hours with yields of 72.8% and 72.4%. In the third Example, the reaction is 
earned out at 160°C for 10 hours with a yield of 71.3%. reaction is 

It is an object of the invention to provide a process 'for the production of diaryi 
ethers or sulphides in which one or more of the disadvantages of the prior art process 
are mitigated. r F 

According to the invention, a diaryi ether or thioether is produced by reacting 
a sodium aryl compound ArZNa with an aryl compound Ar'X in a polar organic 
solvent, in which Ar and Ar' are aryl groups which may be the same or different, 
z 1S ~? — °J — s_ and X is a nuclear, replaceable halogen or pseudohalogen. 

X is preferably chlorine. When X denotes a pseudohalogen, it mav be cyanide 
cyanate, isocyanate, thiocyanate or isothiocyanate. 

The aryl compound Ar'X preferably contains at least one further nuclear sub- 
sutuent which is an electron-withdrawing group to render the substituent X more labile 
and so facilitate its replacement in the reaction. The further nuclear substituent is 
suitably a nitro group but it may be any other electron-withdrawing group, for example 
a carbonyl group When the compound Ar'X is a substituted benzene, the nitro or 
0 * er ^£ lectron " wlthdra%vln ? S rou P is P^erably ortho or para to the substituent X 
The condensation may be represented thus — 
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in which at least one of R, R' and R- is an electron-withdrawing group and the 
other or others are hydrogen or substituents which do not unduly hinder or prevent 
the condensation, and R n denotes one or more substituents which do not unduly hinder 
5 or prevent the condensation. Thus R and R', and R"* if present in the 2- and/or 

6-position, should not be of such bulk or structure as to prevent the condensation 
from taking place. 

The polar organic solvent may be an N-alkylatcd alkanoic acid amide, N,N- 
dimethvlformamide being particularly suitable. 

10 In one preferred method of carrying out the invention, the phenoxide or its 

sulphur analogues is prepared in situ by mixing a concentrated aqueous sodium 
hydroxide solution with a solution or suspension of the phenol or thiophenoi in a 
liquid medium which forms an azeotropc with water. The sodium hydroxide and the 
pheno! or thiophenoi are advantageously used in substantially equimobr proportions. 

15 The liquid medium is suitably toluene but it will be understood that die toluene may 
be replaced with many other suitable azeotropc formers. The water, both that intro- 
duced and that evolved in the formation of the phenoxide or sulphide, is then removed 
bv azeotropic distillation. The residual toluene or other liquid medium is then prefer- 
ably removed as far as conveniently possible. The polar organic solvent and the aryl 

20 halide are added and the reaction mixture is maintained at a temperature which 
permits the condensation reaction to take place. The aryl halide is preferably added 
in an amount equimolar to the phenoxide or sulphide. The concentration of the reac- 
tion solution is conveniendy between one and two molar but a higher concentration 
may be used. At the end of the reaction, the sodium halide is removed by filtration 

25 and the product may be worked up by distillation and crystallisation. 

The optimum reaction temperature or temperature range for a particular reaction 
mixture may be readily determined by simple experiment. With an N-alkylatcd 
alkanoic acid amide, particularly dimethylformamide, as the polar organic solvent and 
monocyclic compounds as the two aryl rcactants, a reaction temperature in the range 

30 SO — 140°C is generally suitable, particularly in the production of the ethers, that is, 
when Z denotes 0. 

When the reaction is carried out at a temperature below 100°C, the inorganic 
salt, particularly sodium chloride, is deposited in a form which makes filtration diffi- 
cult. It is therefore preferred that the reaction be effected at a temperature not below 

35 100°C, for example a temperature in the range 100 — 130°C. When, however, the 
reaction has been carried out at a temperature below 100 C C, the difficulty in filtering 
the inorganic salt can be overcome or mitigated by holding the reaction mixture for 
a short time at a temperature above 100°C, for example at a temperature in the 
range 110° — 130°C, particularly about 120°C, before filtration is effected. 

40 In the production of the thioethers, the use of higher reaction temperatures is 

frequently advantageous, for example temperatures above 140°C and preferably tem- 
peratures in the range 140 — 200° C. With suitable polar organic solvents, for example 
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and dimethylformamide, the reaction can then be carried out 

5 exne^ P ™^f- acco F din S t0 J, hc invention, using the sodium ion instead of the more 5 
expensive potassium ion, enables the product to be produced in a single ruction 
vessel The reaction may be effected at a moderate temperature anTtiie ZiZ 

t^lrZ 0thCr ^ C3n U rem0Ved from * e Product by ^plf nitration Th^ 
diaryl ether or sulphide may be obtained in good tfeld in a rdativelv short rimp 

eLd «l era f te temperat J Jre - Fr hermorc > me ^ " ulphlde L obtSned in a 10 

n™L ° f P!J nt yj md ma y be separated from the liquid reaction medium b^ simole 
procedures, whilst the reaction medium is readily recovered wimou? undue loss P 
The invention is .llustrated in the following examples. 

15 Example 1 

1 mn u a ki t. , 4 - nitr °- 4 '-«hlorodiphenyl ether 15 
»l-e^^ 

tioTheS? T a f ed , in S0dium h y droxide and * a t eXr^the reac ! 

timi between the phenol and the sodium hydroxide, was removed by azeo\roric d^til 

S,w Smg 3 Dean . and Stark apparatus. When the removafof Ste ^w^mriete" o 0 

fuStfNV d£S? .^P roximatc Iy 900 ml of toluene had teen removed! ~° 

led a 189'C ? The vfeW^f^ t0 4 Torr and Product X[l- 

of theory) 5 4-n,tro-4'.chlorodiphenyl ether was 24oVams (96% 

30 Example 2 

_ , . M . 4,4'-dinitrodiphenyl ether *ry- 

nh. i- C ? °( 4 ; n,tr °P he nol was treated in an identical manner to the 4-chloro * 

oenzene ana the litre of N,N-dimethylformamide. The toluene was rmnwH 
he reaction m.xture by fractionation in a column of three th^ 
35 uon was then continued until a total of 700 mis dimethylforSde 1 ^ hafcS Eid « 
The reaction m.xture was then cooled somewhat and nltereTho?r'ranovl salt The 

rAs^iwsr fi,tered off a ~ a 

40 present ^ ~ f ° und «** to be 
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Example 3 
2-nitro-4'-chlorod!phenvl ether 
d«rr;Ci v g ^ mS 4 : ch ' or °P hen °l were converted into the anhydrous sodium salt as 
a mTxu?e of U7?£L J $7 '^if °l ^P"™* 80%' of the affl totene 

nitro-4'-ch^ 248 ^ 3nd whlch shown to 96% 2- 

Example 4 

, , , 2,4-dinitrodiphenyl ether 

m J "™P* j. 35 repeated except that the phenol used was phenol itself and 202 
S leu ^ 2 ± d ' n "/° Ch |^ r ° benZene in^ad of the 2Xronio-obenzTne 

ether ^ ' S ° ,ld WCrC reC ° Vered and ft contained 93 % 2,4-dinittodiSenyI 



Example 5 

fin tj i ^ 4-nitro-2'5'-dichIorodiphenyl ether 

60 Example 3 was repeated but with the use of 163 grams of 2 3 5.dichlorophcnoi 
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instead of the 4-chIorophcnol and 157.7 grams of 4-nitrochlorobenzene in place of 
the 2-nitroch!orobenzene. 

Example 6 
4-nitro-2'-methoxvdiphenyl ether 
5 Example 5 was repeated but using 124 grams guaiacoi instead of the 2,5-di- 

chlorophenol. The yield of solid product was 235 grams of which 93% was 4-mtro- 
2 , -methoxydiphenyl ether. 

Example 7 
4-nitrodiphenyl sulphide 
X0 4-Nitrodiphenyl sulphide was produced by the method used in Example 5 but 

using 110 grams thiophcnol instead of the 2,5-dichIorophcnol. 

Example 8 
4-nitro-2'-hydroxydiphcnyl ether 
110 crams catechol and 1000 ml' toluene were placed in a flask equipped with a 
15 dropping "funnel, Dean and Stark apparatus and a gas inlet tube. The mixture was 15 
stirred and the air replaced bv nitrogen. A solution of 40 grams sodium hydroxide in 
60 grams water was added and the water removed by azeotropic distillation. The 
reaction was then continued as in Example 5 except that a nitrogen atmosphere was 
maintained until completion of the reaction. 
20 The yield was 230 grams of 94' .. pure 4-nitro-2'-hydroxydiphenyl ether. Jv 

Example 9 
4-methvl-4'-nitrodiphenyl sulphide 
73.5 grams 4-mcthyl-thiophenol were, as described in Example 1, converted to 
the sodium salt using 23.7 grams sodium hydroxide. 
25 Then a solution of 93.3 grams 4-nitrochlorobenzene in 600 mi N,N -dimethyl- ^ 

formamide was added slowly whilst fractionating off the residual toluene. The addi- 
tion was complete in one hour. After removal of the toluene, reflux was continued 
for 2. hours, the solution being then cooled and the salt removed by filtration. The 
solvent was recovered bv the use of a rotary evaporator and the residue was recrystal- 
lised from 400 ml methvlated spirits. 125 grams of solid 4-methyl-4'-nitrodiphenyl 
sulphide crystallised out and a further 12 grams was found in the mother liquors mixed 
with p-chloronitrobenzene. 

Example 10 
4-nitro-diphenyi ether 

35 0.5 mole phenol was converted to its anhydrous sodium salt in the same manner 35 

as 4-chlorophenol in Example 1 and the major part of the toluene was removed by 
distillation. 300 ml dimethvlformamide were added and the residual toluene was frac- 
tionated off at reduced pressure. A mixture of 0.49 mole 4-nitrobenzonitrile and 150 
ml dimethvlformamide were added and the whole reaction mixture was held at 

40 120— 125- C for 44 hours. Approximately 300 ml dimethvlformamide were distilled 40 
off under reduced pressure and the residue was poured into cold water. 0.41 moles of 
the required ether, 4-nitrodiphenyl ether, was found in the solid material obtained. 
C.39 mole of the ether was recovered by vacuum distillation. 

: In the Examples the dimethvlformamide was recovered by conventional fractiona- 

45 tion methods and recovery was in excess of 90 V.. m 45 

The compounds 2,4'-dinitrodiphenyl ether and 2,4,5- trichloro-4'-nitrodiphenyl 
ether, have been prepared in an analogous manner. 

In a further Example, the 4-chloro-nitrobenzenc used in Example 1 was replaced 
by 1 mole of 4-nitrobenzonitriie. The yield of 4-nitro-4'-chlorodiphenyl ether was 

50 about 75%. 50 

WHAT WE CLAIM IS: — 

1. A process for the production of a diaryl ether, which comprises reacting 
sodium phenoxide ArONa with an aryl compound Ar'X in a polar organic solvent, 
in which Ar and Ar' arc aryl groups, and X is a nuclear, replaceable halogen or 

55 pseudohalogen. . . 55 

2. A process for the production of a diaryl sulphide, which comprises reacting 
a sodium aryl sulphide ArSNa with an aryl compound Ar'X in a polar organic solvent, 
in which Ar and Ar' are aryl groups, and X is a nuclear, replaceable halogen or pseudo- 
halogen. 
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3. A process according to claim 1 or claim 2, in which the reaction is carried 
out at a temperature not below 80°C. taction is earned 

4. A process according to claim 1 or claim 2, in which the reaction is carried 
out at a temperature in the range 80— 100°C. reacuon is earned 

5. A process according to claim 4, in which the reaction mixture is subseouentlv 
held at a temperature above 100°C for a time suffcient to rend™ the oredSed 
sodium salt more amenable to filtration precipitated 

out at" a ^fmp ; e^u^eTn d Th S e ^Vo-ls^C * ^ "** ** ""*» * 
pera rare \ P AT^teooo? 1 * * "** the reaCtion fs «*- «« « • tern- 
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reflul' A Pr ° CeSS aCCOrding t0 c,ai ' m 2 > in whi * the reaction is carried out under 

15 is JiAgB amide" 6 ° f * P "° ed ** * wWch the «*« 

if A P n™ S - a ™^ g t0 daim 9 ' m ? Wch the solvent » dimethylformamide. 
chlorine P g W 3ny ° ne ° f the P recedi "g claims, in which X is 

20 pJ^S^^a^S 

o rt ho 13 or WdT53aK? ta 12 > 111 Xh *• *°~^SZt£Si 

drawing io^S^ U " **» 13 > * "** lhc electron-with- 

frorn 1 *^ ^"^"S t0 f 12 ™. 15 ' in which the P^noxide or sulphide is formed 

35 ^^^^ 

19. A process according to claim 18, in which said group is a nitro eroun 

Arof 0 f sss itjair fs * * which *~« d 

40 pound W ^tKltdlchlore^or 0 52 74*! • C tf M I " in Which ^ Sodium com - 

S phenoxide ^^^lorophenoxidc or the thio analogue of 40 

deserfbcdVSp^l^ fig? ° f 2 ^ Substantia1 ^ - before 45 

deser|LVanT1nen«et1 0 ?ot sft^ " fc — *« 

before 6 defcr P bTd C 1n &&ffiZZ& ^'^ide, substantially as herein- 50 

in any one offi ^dfeg ° btained b ? * e P««- <«— 

EDWARD EVANS & CO., 
53— 64 Chancery Lane, London, W.C.2, 
Agents for the App licants. 
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